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(54) Non-aqueous electrolyte secondary battery 

(57) A non-aqueous electrolyte secondary battery 
having lithium or a material capable of absorbing and re- 
leasing lithium as a negative electrode (3) active material 
and using a non-aqueous electrolyte conductive to lithi- 
um ions has an improved positive electrode (5) of which, 
the positive electrode active material is a new composite 
oxide expressed by the composition formula 
Li a Rb L c M cP2 (where' R. is one or more metalloid ele- 
ments chosen from boron B and silicon Si: L is at least 
one element chosen from the group consisting of metals 
and metalloids of the periodic table 1MB group and IVB 
group, alkali earth metals and metals such as Ti, Mn, Cu 
and Zn: M is one or more transition metal elements: R : 
L and M are different: and a, b, c and d are in the ranges 
0<a^ 1.15, 0.B5 < b+c+d^ 1.3, 0<b+c^ 0.5, 0<b and 
0<c t or c=0 and at least both nickel Ni and cobalt Co are 
present as transition metals M), markedly increasing the 
effective charge/discharge capacity and improving the 
high-current charge/discharge characteristics and also 
markedly reducing the deterioration of discharge char- 
acteristics accompanying repeated charging and dis- 
charging of the battery. 
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Description 

This invention relates to a non-aqueous electrolyte secondary battery having lithium or a material capable of ab- 
sorbing and releasing lithium as a negative electrode active material and using a non-aqueous electrolyte conductive 
5 to lithium ions, and particularly to an improvement of the positive electrode thereof. 

In recent years, along with a marked proliferation of portable electronic equipment and communications devices, 
various devices requiring batteries with high current outputs as pov/er supplies have appeared, and from the points of 
view of economy and downsizing and downweighting of these devices, high energy density secondary batteries are 
being demanded. As a result of this, research and development of non-aqueous -electrolyte secondary batteries haying 
70 high voltages and high energy densities have been being carried out intensively, and some such batteries have been 
put into practical use. 

In the past, as positive electrode active materials used in this kind of secondary battery, various materials, such as 
metal chalcogenides such as TiS 2 , MoS 2 and NbSe 3 and metal oxides such as Mn0 2 , Mo0 3 , V 2 0 5 , Li x Co0 2 , Li x Ni0 2 
and L^Mn^, have been proposed. 
75. Among these positive electrode active materials, lithium transition metal oxides U x My0 2 {x% 1, y= 1) such as 
Li x Co0 2 and Li x Ni0 2 having a -NaCr0 2 -type layer-like structures undergo a battery reaction with a lithium negative 
electrode expressed by the following formula (1 ): 

Li x1 M y 0 2 c* Li xl . x2 M y 0 2 + x 2 Lf + x 2 e~ (1) 

20 (where Xj is the amount x of Li before charging, x 2 is the amount x of Li after charging, 0<x^ 1 and 0<x r x 2 ?? 1), and 
the operating voltage thereof is a high voltage of over 4V. Also, when by charging in the range x = 0 to 1 Li ions are 
made able to deintercalate and intercalate, these materials offer high theoretical energy densities of over 1100Whr/kg, 
and are therefore considered promising (Japanese Laid-Open Patent Publication No. S.55-136131). 

However, there has been the problem that in a battery having lithium or a material capable of absorbing and releasing 

25 lithium as a negative electrode active material and a conventional Li x My0 2 of the kind described above as a positive 
electrode active material, at practical charge/discharge voltages and current densities the effective charge/discharge 
capacity is small, at less than 50% of the theoretical capacity, and the greater the current is the smaller the capacity 
becomes. Also, there has been the problem that the reduction in operating voltage during discharging due to polarization 
is large. 

3D The reason for this is that because along with Li ions being drawn out (deintercalation) of the Li x My0 2 of the positive 

electrode by charging the electrode potential of the Li x M y 0 2 increases markedly and also because polarization due to 
the fact that the Li ion conductivity and electron conductivity are low is great the charging voltage markedly increases, 
and consequently at practically stable voltages below the decomposition potentials (about 4 to 4.5V with respect to 
metallic lithium) of electrolytes, which will be further discussed later, which can be used in these batteries and the oxi- 

35 dization potential of the battery case and collectors and the like, the chargeable capacity falls markedly. In particular, 
when the amount x of Li in the Li x M y 0 2 is in the region below about 0.6 the increase in potential is marked and at practical 
charging voltages and current densities this region essentially cannot be used. 

Also, there has been the problem that because during charging crystal lattices undergo structural changes such as 
expansion and contraction and phase change, the crystal structure is destroyed by repeated charging and discharging 

^ and the charge/discharge capacity gradually falls. 

To resolve these problems, the use of [1] a composite oxide A^N^ (where 0.05^. xs 1.10, 0.85^ y^ 1.0, 
0.001 z£ 0.10: Japanese Laid-Open Patent Publication No. S.62-90B63) of a metal N such as Al, In or Sn and a 
transition metal M and an alkali metal A. and [2] a composite oxide Li^CO^^ (where 0<x^0.75, yS1: Japanese 
Laid-open Patent Publication No. S.63-299056) and the like has been proposed. 

45 • By the use of these composite oxides, the charge/discharge characteristics are considerably improved: however, 
they still fall far short of theoretical capacities, and in particular charge/discharge capacities at the high currents necessary 
in practice have been low and inadequate. 

To solve the above kinds of problem, the present inveniors and others have already proposed the use of [3] a 
composite oxide Li x MyL 2 0 2 (where 0<x^1.15, 0.85^y+z^1.3. 0<z: Japanese Laid-Open Patent Publication No. 

50 H.5-54889) of one or more elements L chosen from among the periodic table 1MB, IVB and VB group non-metal elements 
and semi-metal elements, alkali earth metal elements and metals such as Zn, Cu, Ti, with a transition metal M and 
lithium LL By the use of this kind of composite oxide, charge/discharge characteristics were further improved: however, 
there has still been room for improvement of charge/discharge characteristics at high current densities as compared to 
' theoretical capacities. 

55 • Also, as the transition metal M, the charge/discharge characteristics are particularly good in the cases of Co and 
Ni and therefore the use of these metals is preferable, but in the case of Co the potential is essentially high, and especially 
in the charging region above 50% of the theoretical capacity the potential rises markedly and consequently there is 
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decomposition of the electrolyte and change in the crystal structure, and it has in practice been very difficult to obtain' a 
charge/discharge capacity of over 60% of the theoretical capacity stably. Furthermore, there is the drawback that Co 
resources are limited and its cost is high. In the case of Ni, on the other hand, charging and discharging to over 80% of 
the theoretical capacity is possible: however, there are the drawbacks that reduction in charge/discharge capacity (cycle 

5 deterioration) caused by repeated charging and discharging is great and deterioration with time is also great. Also, there 
has been the shortcoming that when thermal synthesis is carried out, which will be further discussed later, synthesis in 
air is difficult because cubic crystal structures of low charging/discharging performance tend to be produced, and it is 
necessary to carry out synthesis in an oxygen atmosphere and finely control the atmosphere and the temperature, which 
makes the manufacturing process complicated and increases costs. 

io ' This invention provides a non-aqueous electrolyte secondary battery comprising a negative electrode whose active 
material is lithium or a material capable of absorbing and releasing lithium, a non-aqueous electrolyte conductive to 
lithium ions and a positive electrode, wherein is used as a positive electrode active material a composite oxide expressed . 
by the composition formula Li a R b L c M d 0 2 (where R is one or more metalloid elements chosen from boron B and silicon. 
St; L is at least one element chosen from the group consisting of metals and metalloids of the periodic table II1B group 

is and IVB group, alkali earth metals and metals such as Ti, Mn, Cu and Zn: M is one or more transition metal elements; 
R, I and M are different: and a, b. c and d are in the ranges 0<a^ 1.15. 0.85^ b+c+d^ 1 .3, 0<b+c£ 0.5, 0<b and 0<c, • 
or c=0 and at least both nickel Ni and cobalt Co are present as transition metals M). 

L may be any metal. Preferably, L is a transition metal and/or is at least one of Ti,. Mn, Cu and Zn. 

To solve the kinds of problem described above, as a positive electrode active material for this kind of battery this 

20. invention proposes the use of a new composite oxide expressed by the composition formula Li a R b L c M d 0 2 (where R is 
one or more metalloid elements chosen from among boron B and silicon Si: L is at least one element chosen from among 
metals and metalloids of the periodic table NIB and IVB groups, alkali earth metals, and metals such as Ti. Mn, Cu and 
Zn: M is one or more transition metals: R. L and M are different; and a, b, c and d are in the ranges 0<a^ 1.15, 0.85S 
- b+c+d^ 1 .3, 0<b+c?=i 0.5, 0<b and 0<c, or c=0 and at least both nickel Ni and cobalt Co are contained as transition 

25 metals M). That is. the use of a composite oxide containing at least lithium Li, a transition metal M and one or more 
' elements R chosen from the non-transition metals (metalloids) boron B and silicon Si and further containing one or more 
elements L chosen from among metals and metalloids such as Al, Ga. In. TI and B of the periodic table MB group, C, 
Ge. Sn, Pb and Si of the IVB group, alkali earth metals such as Be, Mg, Ca, Sr, Ba and Ra, and metals such as Ti, Mn, 
Cu and Zn: or a composite oxide containing a metalloid element R consisting of at least B and/or Si and containing both 

so Ni and Co as transition metals M. 

The composite oxide Li a R b L c M d 0 2 comprising lithium, an element R. an element L and a transition metal M used 
as the positive electrode active material of the battery of this invention can be synthesized in the following way: Lithium, 
the transition metal M, the element R and the element L in uncombined form or in compounds such as oxides or hy- 
droxides or salts such as carbonates or nitrates, or halides, nitrides or sulfides are mixed in predetermined ratios and 

3S thermally baked in air or another atmosphere containing oxygen at a temperature over 600° C and preferably between 
700 and 900° C. When, as the starting materials of the Li, R, L and M. their oxides or compounds containing oxygen 
are used, it is also possible tothermally synthesize the composite oxide in an inert atmosphere. In particular, when the 
transition metal M is mainly Ni an oxidizing atmosphere consisting mainly of oxygen is preferable, and when it is mainly 
Mn a non-oxidizing atmosphere such as an inert gas is preferable. As for the heating time, 4 to 50 hours is usually 

40 sufficient, but to promote the synthesis reaction and increase uniformity it is effective to repeat the process of baking, 
cooling and grinding-mixing several times. 

In the above-mentioned thermal synthesis, as the amount 'a' of Li in the composite oxide U a R b L c M d 0 2 a constant 
ratio composition a = 1 or 0.5 is standard, but a non-constant ratio composition of about ± 1 5% is also possible: also, 
by electrochemical intercalation and deintercalation or the like, 0<a£ 1115 is possible. Amounts b, c and d of the element. 

45 R. the element L and the transition metal M respectively which satisfy 0.85^ b+c+d^ 1.3 produce marked effects of 
improving charge/discharge characteristics and cycle characteristics and are therefore preferable. On the other hand, 
If the amount b of the element R and the amount c of the element L are too great the charge/discharge capacity of each 
cycle actually falls: the charge/discharge capacity is maximum in the range 0<b+c£ 0.5, and this range is therefore- 
preferable. 

so As the element L the charge/discharge characteristics and cycle characteristics are particularly good when among 

the elements mentioned above Mg, C, Si, Ti, Mn, Cu and/or Zn are used, and these are therefore preferable. 

As the transition metal M,Co, Ni, Fe, Mn, Cr and V and the like are preferable, and because they produce excellent 
charge/discharge characteristics Co and Ni are particularly preferable. M does not have to be a single transition metal 
and may be a mixture of two or more transition metals. 

55 in particular, in the case of a composite oxide LiaRbLcNieCoPa containing both Ni and Co as transition metals M, 

these work together with the element R and the element L and there are the benefits that the charge/discharge charac- 
teristics and cycle characteristics improve, even when Ni is the main component, synthesis in air is easy, atmosphere 
and temperature control during manufacture are easy and manufacturing costs can be reduced. In this case, .when more 
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preferably Ni is the main component and the composition ratio of Ni and Co is in the range 0.01 ^ f/(e+f)^ 0.5 and the 
contained amounts of the element R and the element L are in the ranges 0.01 % 0.25 and 0^ 0.25, cycle dete- 
rioration and deterioration with time of the battery are low and the battery is stable, the charge/discharge capacity is 
large and the charge/discharge characteristics are excellent. In particular, when the composition ratio of Ni and Co is 
5 0.03^ f/(e+f)^ 0.25 and the contained amounts of the element R and the element L are in the ranges 0.01 s b§ 0.1 
and 0^ c^ 0. 1 1 the charge/discharge capacity is especially large and the charge/discharge characteristics and the cycle 
characteristics are excellent, and this composition is therefore particularly preferable. 

As the electrolyte, any non-aqueous electrolyte conductive to. lithium ions can be used, for example a non-aqueous 
(organic) electrolyte consisting of a lithium ion dissociating salt such as LiCI0 4 , LiPF 6 , LiBF 4 , LiCF 3 S0 3 or Li(CF 3 S0 2 ) 2 N 

10 dissolved as a supporting electrolyte in one organic solvent or a mixture of organic solvents such as y - butyrolactone, 
propylene carbonate, ethylene carbonate, butylene carbonate, dimethyl carbonate, diethyl carbonate, ethyl methyl car- 
bonate, (methyl) formate, 1,2-dimethoxyethane.. tetrahydrofuran, dioxolan, dimethyl formamide or the like: a polymeric 
solid electrolyte consisting of an above-mentioned lithium salt solidly dissolved in a polymer such as polyethylene oxide, 
crosslinked polyphosphazene or the like; or an inorganic solid electrolyte such as Li 3 N or Lil. 

is When a transition metal composite oxide Li a R b L c M d 0 2 according to the invention containing an element R chosen 

from boron and silicon and an element L is used as a positive electrode active material, compared to when Li x My0 2 or 
a composite oxide Li a R b M d 0 2 containing only boron or silicon or a composite oxide" U a L c M d 0 2 containing only an ele- 
ment L is used s the range over which Li intercalation and deintercalation are possible at practical charge/discharge 
voltages and current densities below the decomposition voltage of the electrolyte and the oxidation potentials of the 

20 case and the collector and the like, i.e. the effective charge/discharge capacity, increases markedly. Also, because the 
polarization (the internal resistance) of a battery in which this composite oxide is used decreases, voltage increase 
during charging and operation voltage decrease during discharging are markedly alleviated and charging and discharg- 
ing at higher currents are possible. Furthermore, cycle deterioration such as reduction in charge/discharge capacity and 
increase in battery internal resistance caused by repeated charging and discharging is markedly reduced, and the 

2S charge/discharge cycle characteristics are markedly improved. - * ~ 

The reason why the charge/discharge characteristics are improved in this way is not absolutely clear, but may be 
as follows: The basic crystal structure of the newcomposite oxide Li a R b L c M d 0 2 of the invention" resembles the a-NaCr0 2 
structure of an a -NaCr0 2 type layer-like compound Li x M y 0 2 with some of the transition metal element M thereof replaced 
by the element R (boron or silicon) and the element L However, the element R and the element L can also exist in 

30- spaces between the crystal lattices and at Li sites (replacing Li). In whichever case, it is likely that the coexistence of 
the element R and the element L changes the crystal skeleton structure and electron state and compared to when R or 
L is present on its own the Li ion conductivity is increased, the. crystal skeleton structure becomes more stable with 
respect to the entering and exiting of Li ions, and as a result deintercalation and intercalation of Li ions during charging 
and discharging becomes easy and there is almost no deterioration such as crystal destruction. 

35 in addition to secondary batteries, the present invention is also applicable to other types of batteries. 

For a better understanding of the invention embodiments will now be described by way of example with reference 
to the accompanying drawings, in which: 

Fig. 1 is a view illustrating an example of a structure of a battery according to an embodiment of the invention: 

•to 

Fig. 2 is a graph comparing the cycle characteristics of batteries in which positive electrode active materials con- 
taining B and Mg are and are not used: 

Fig. 3 is a graph comparing the cycle characteristics of batteries in which positive electrode active materials con- 
•tf . taining B and Mn are and are not used: 

Fig. 4 is a graph comparing the cycle characteristics of batteries in which positive electrode active materials con- 
taining B and Si are and are not used: 

so Fig. 5 is a graph comparing the cycle characteristics of batteries in which positive electrode active materials" con- 

taining B and Zn, Ti or C are and are not used: 

Fig. 6 is a graph comparing the cycle characteristics of batteries in which positive electrode active materials con- 
taining Ni and Co as transition metals M and containing B and Mg are and are not used: 

Fig. 7 is a graph comparing the cycle characteristics of batteries in which positive electrode active materials con- 
taining Si and Mg are and are not used: 
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Fig. 8 is a graph comparing the cycle characteristics of batteries in which positive electrode active materials con- 
taining Ni and Co as transition metals M and containing Si are and are not used: 

■ Fig. 9 is a graph comparing the cycle characteristics of batteries in which positive electrode active materials con- 
5 taining Ni and Co as transition metals M and containing Si and Mg are and are not used: 

Fig. 1 0 is a graph comparing the cycle characteristics of batteries in which positive electrode active materials con- 
taining Zn or Mn together with Si are and are not used: 

to • . Fig. 1 1 is a graph comparing the cycle characteristics of batteries in which positive electrode active materials con- 
taining B and Ti, Cu or Mg are and are not used: and 

Fig. 1 2 is a graph comparing the cycle characteristics of. batteries in which positive electrode active materials con- 
taining mainly Ni but also some Co as transition metals M and containing B are and are not used. 

Fig 1 is a sectional view of an example of a coin-type battery according to an embodiment of the invention. In Fig. 
1 reference numeral 1 denotes a negative electrode case doubling as a negative electrode terminal made by drawing 
a stainless steel plate plated with nickel on its outer side. Reference numeral 2 denotes a negative electrode collector 
consisting of a stainless steel net spot welded to the negative electrode case 1. A negative electrode 3 of a diameter 

20 1 5mm punched out of an aluminium sheet of a prescribed thickness is fixed to the negative electrode collector 2 and 
has a lithium foil disc of diameter 14mm punched out of a lithium foil of a prescribed thickness pressure-fixed therein. 
Reference numeral 7 denotes a stainless steel positive electrode case plated with nickel on its outer side and doubling 
as a positive electrode terminal. Reference numeral 5 denotes a positive electrode pertaining to an embodiment of the 
invention which will be further discussed later.and 6 is a positive electrode collector consisting of a conducting adhesive 

25 (or a conducting paste or the like) having a stainless steel net or carbon as a conducting filler and electrically connecting 
the positive electrode 5 to the positive electrode case 7. - . 

Reference numeral 4 denotes a separator consisting of a porous film of polypropylene steeped in electrolyte solution. 
Reference numeral B denotes a mainly polypropylene gasket interposed between the negative electrode case 1 and 
the positive electrode case 7 which maintains electrical insulation between the positive electrode and the negative elec- 

30 trode and also seals in the contents of the battery by the edge of the opening of the positive electrode case being bent 
inward and caulked therearound. The diameter of the battery is 20rnm and the thickness is 1 .6mm. 

First Preferred Embodiment 

as A positive electrode 5 of this preferred embodiment was made in the following way: Lithium hydroxide LiOH-H 2 0, 

boron oxide B 9 O a . magnesium oxide MgO and cobalt carbonate C0CO3 were weighed out in the mole ratio Li:B:Mg.Co 
-101010 8 and well mixed using a mortar: this mixture was then baked by heating for 1 2 hours in air at a temperature 
of 850 e C cooled, and ground to a powder of particle diameter of below 53u m. By repeating this baking and grinding 
- twice a positive electrode active material LiB 0 ,Mg 0 ,Coo B 0 2 (hereinafter abbreviated to pi) according to the invention 

40 was synthesized. Also, for comparison, a conventional layer-like oxide LiCo0 2 (comparison active material rl ) containing 
no boron B or magnesium Mg, a composite oxide LiB 0 2 Co 0 .eO 2 (comparison active material r2) containing boron B but 
not containing magnesium Mg, and a composite oxide LIMg 0a Co 0 . 8 O 2 (comparison active r^enal r3) gaining mag- 
nesium Mg but not containing boron B were prepared in the following way: LiOHH 2 0 and CoC0 3 or L.OH H 2 0 and 
CoCO, and EUO, or MgO or the like were weighed out and mixed so that Li:B:Mg:Co were in the mole ratios of the 

4S above-mentioned composition formulae, and comparison active materials.n to r3 were obtained from these mixtures 
in the same way as the above-mentioned active material p1 . ; 

For each of these product materials, the product material as a positive electrode active material, graphite as a 
conducting agent and fluorine resin or the like as a binding agent were mixed in the weight ratio 60:35:5 to produce a 
positive electrode mixture and a positive electrode 5 was made by pressure-molding this positive electrode mixture at 

so 2 tons/cm* into a pellet of diameter 1 5mm, thickness 0.5mm. After that, the positive electrode 5 thus obtained was 
adhered to arid thereby integrated with a positive electrode case 7 using a positive electrode collector 6 made i ot a 
conducting resin adhesive with carbon as a conducting filler, and this was dried by reduced-pressure heating al 200 C 
for 10 hours to form the positive electrode structure of the battery described above. 

For the electrolyte of the batteries, lithium phosphate hexafluoride LiPF 6 dissolved 1 mol/l in a solvent consisting 

55 of a 1 ■ 1 by volume mixture of ethylene carbonate and ethyl methyl carbonate was used. 

Each battery made in this way was left to age for one week at room temperature and then a charge/discharge est 
which will be further discussed later was carried out. Because alloying of the lithium-aluminum laminated nega rve elec- 
trode 3 caused by contact inside the battery with the non-aqueous electrolyte progressed well and the lithium foil became 
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substantially ail Li-AI alloy as a result of this aging, the battery voltage stabilized at a value 0.4V less than in a case 
where metallic lithium is used on its own as the negative electrode. 

The batteries thus produced will hereinafter be referred to as batteries P1 and Rl to R3 in correspondence with the 
positive electrode active materials p1 and n to r3 used therein. 

5 The discharge capacities (cycle characteristics) in successive cycles of these batteries P1 t R1 to R3 when they 

were put through charge/discharge cycles with the conditions of a fixed current of 1mA and a charging final voltage of 
4.0V and a discharging final voltage of 2.0V are shown in Fig. 2. The charge/discharge cycles started from charging. 
As can be seen clearly in Fig. 2, the battery P1 according to the invention had markedly greater discharge capacity than 
the comparison batteries R1 to R3. Also, the reduction in discharge capacity (cycle deterioration) accompanying repeated 

io charging and discharging was much smaller in the case of the battery PI of the invention. Furthermore, from charge 
voltages and discharge voltages measured at the same time it was found that with the battery P1 of the invention although . 
the charge voltage was low over the whole charge/discharge region the discharge operation voltage was reversely 
markedly high, the polarization (internal resistance) of the battery was greatly improved and high-current charging/dis- 
charging was easy. - 

75 

Second Preferred Embodiment 

This preferred embodiment is a case where cobalt Co was used as a transition metal element M. boron B as a 
compounding element R and manganese Mn as a compounding element L constituting a positive electrode active ma- 
20 terial. 

The positive electrode active material of this preferred embodiment was made in the following way: Lithium hydroxide 
LiOHH 2 0, boron oxide B^, manganese dioxide Mn0 2 and cobalt carbonate CoC0 3 were weighed out in the mole 
ratio Li:B:Mn:Co = 1:0.1:0.1:0.8 and well mixed using a mortar this mixture was then baked by heating for 12 hours in 
air at a temperature of 650° C, cooled, and ground to a powder of particle diameter of below 53p m. By repeating this 

25 baking and grinding twice", a positive electrode active material LiB 0!l Mn 01 Co 08 O 2 (hereinafter abbreviated to p2) ac- 
cording to the invention was synthesized. Also, for comparison, a composite oxide LiMno 2 Co 0>8 O 2 (comparison active 
material r4) containing magnesium Mn but not containing boron B was prepared in the following way: LiOH*H 2 O t Mn0 2 
and C0CO3 were weighed out and mixed in the mole ratio Li:Mn:Co = 1 :0.2:0.B, and a comparison active, material r4 
was obtained from this mixture in the same way as the above-mentioned active material p2. 

so Using these product materials as positive electrode active materials, batteries similar to those of the first preferred 

embodiment were made in exactly the same way as in the first preferred embodiment. The batteries thus produced will 
hereinafter be referred to as batteries P2 and R4 in correspondence with the positive electrode active materials p2 and 
r4 used therein. 

These batteries were also put through 1mA fixed-current charge/discharge cycles the same as those described in 
55 connection with the first preferred embodiment. Their discharge capacities (cycle characteristics) in successive cycles 
are shown in Fig. 3. As is clear from Fig. 3, in this preferred embodiment also the battery P2 according to the invention 
had markedly greater discharge capacity than the comparison battery R4 in which a positive electrode active material 
containing only Mn as a compounding element was used, the comparison battery R2 in which a positive electrode active 
material containing only boron B was used and the comparison battery R1 in which a positive electrode active material 
JO containing neither Mn nor boron B was used. Also, the reduction in discharge capacity (cycle deterioration) accompa- 
nying repeated charging and discharging was much smaller in the case of the battery P2 of the invention. Furthermore, 
from charge voltages and discharge voltages measured at the same time it was found that with the battery P2 of the 
invention although the charge voltage was low over the whole charge/discharge region the discharge operation voltage 
was reversely markedly high, the polarization (internal resistance) of the battery was greatly improved and high-current 
-*5 charging/discharging was easy. 

Third Preferred Embodiment * 

This preferred embodiment is a case where cobalt Co was used as a transition metal element M, boron B as a 
& compounding element R and silicon Si as a compounding element L constituting a positive electrode active material! 

A positive electrode 5 of this preferred embodiment was made in the following way: Lithium hydroxide LiOH H 2 O f 
boron oxide B 2 0 3 , silicon dioxide Si0 2 and cobalt carbonate C0CO3 were weighed but in the mole ratio Li:B:Si:Co = 
1 :0. 05:0.05:0.9 and well mixed using a mortar: this mixture was then baked by heating for 1 2 hours in air at a temperature 
of 850° C, cooled, and ground to a powder of particle diameter of below 53u. m. By repeating this baking and grinding 
55 twice, a positive electrode active material LiB 0 05 Si 0 05 Co 0 ^O 2 (hereinafter abbreviated to p3) according to the invention 
* was synthesized. Also, for comparison, a conventional layer-like dxide LiCo0 2 (comparison active material r5) containing 
no boron B or silicon Si, a composite oxide LiBo 1 Co 0 9 O 2 (comparison active material r6) containing boron B bulnot- 
containing silicon Si, and a composite oxide LiSi 0 ^Coq 9 0 2 (comparison active material r7) containing silicon Si but not 
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containing boron B were prepared in the following way. LiOHH 2 0 and CoC0 3 or LiOH'H 2 0 and CoC0 3 and B 2 0 3 or 
Si0 2 were weighed out and mixed so that Li:B:Si:Co were in the mole ratios of the above-mentioned composition for- 
mulae, and comparison active materials r5 to r7 were obtained from these mixtures in the same way as the above-men- 
tioned active material p3. 

s For each of these product materials, the product material as a positive electrode active material, graphite as a 

conductor and fluorine resin or the like as a binding agent were mixed in the weight ratio 60:35:5 to produce a positive 
electrode mixture, and a positive electrode was then made by pressure-molding this positive electrode mixture together 
with a positive electrode collector 6 made of a stainless steel net at 2 tons/cm 2 into a pellet of diameter 1 5mm, thickness 
0. 5mm and drying this by reduced-pressure heating at 1 00° C for 1 0 hours. 

10 For the electrolyte of the battery, lithium perchlorate LiCi0 4 dissolved 1 mol/l in a solvent consisting of a 1 :1 :2 by 

volume mixture of propylene carbonate, ethylene carbonate and 1 ,2-dimethoxy ethane was used. 

Using these product materials as positive electrode active materials, batteries similar to those of the first preferred 
embodiment were made in exactly the same way as in the first preferred embodiment. The batteries thus produced will 
hereinafter be referred to as batteries P3 and R5 to R7 in correspondence with the positive electrode active materials 

T5 P 3 and r5 to r7 used therein. 

These batteries were also put through 1 mA fixed-current charge/discharge cycles the same as those described in 
connection with the first preferred embodiment. Their discharge capacities (cycle characteristics) in successive cycles 
are shown in Fig. 4. As is clear from Fig. 4, in this preferred embodiment also the battery P3 according to the invention 
had markedly greater discharge capacity than and superior charge/discharge characteristics to the comparison battery 

20 . R7 in which a positive electrode active material containing only Si as a compounding element was used, the comparison 
battery R6 in which a positive electrode active material containing only boron B was used and the comparison battery 
R5 in which an active material containing neither Si nor boron B was used. . 
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Fourth Preferred Embodiment 



This preferred embodiment' is a case where cobalt Co was used as a transition metal element M, boron B as a 
compounding element R and carbon C, zinc Zn and titanium Ti as compounding elements L constituting a positive 
electrode active material. ^ 

The positive electrode active material of this preferred embodiment was made in the following way: Lithium hydroxide 
30 LiOH-H 2 0, boron oxide B 2 0 3 , the simple substance L or its compound and cobalt carbonate C0CO3 were weighed out 
in the mole ratio Li:B:L:Co = 1:0.1:0.1:0.6 and well mixed using a mortar: this mixture was then baked by heating for l2 
hours in air at a temperature of 850° C s cooled, and ground to a powder of particle diameter of below 53n m. By repeating 
this baking and grinding twice, a positive electrode active material LiB 0 . 1 L 0 . 1 Co 0 . B O 2 according to the invention was 
synthesized. 

35. in this thermal synthesis, as the supply material (starting material) of the compounding element L, in the cases 
where L was Q, Zn and Ti. graphite, zinc carbonate ZnC0 3 and titanium dioxide Ti0 2 were respectively used. The 
UB 0 tCq^Coo.bO;, (hereinafter abbreviated to p4), UBo.^ndCoo^ (hereinafter called p5) and LiB cu Ti 0 . 1 Co 0 .eO 2 
(hereinafter called p6) thus obtained were used as positive electrode active materials. 

- Using these product materials as positive electrode active materials, batteries similar to those of the first preferred 
40 embodiment were made in exactly the same way as in the first preferred embodiment. The batteries thus produced will 
hereinafter be referred to as batteries P4 to P6 in correspondence with the positive electrode active materials p4 to p6 
used therein. . * 

These batteries were also put through 1 mA fixed-current charge/discharge cycles the same as those described in 
connection with the first preferred embodiment. Their discharge capacities (cycle characteristics) in successive cycles 
4S are shown in Fig. 5 together with those of the comparison batteries R1 and R2 of the first preferred embodiment. As is 
clear from Fig. 5. in this preferred embodiment also the batteries P4 to P6 according to the invention all had greater 
discharge capacity and superior charge/discharge characteristics compared with the comparison battery R2 in which a 
positive electrode active material containing only B as a compounding element was used and the comparison battery 
R1 in which an active material containing neither an element L nor B was used. 



Fifth Preferred Embodiment 



This preferred embodiment is a case where nickel Ni and cobalt Co were used together as transition metal elements 
M and boron B was used as a compounding element R constituting a positive electrode active material. 
ss • The positive electrode active material of this preferred embodiment was made in the following way: Lithium hydroxide 
LiOH-H 2 0. boron oxide magnesium oxide MgO. nickel oxide NiO and cobalt carbonate CoC0 3 were weighed out 
in predetermined mole ratios Li:B:Mg:Ni:Co and mixed using a mortar these mixtures were then baked by heating for 
12 hours in air at a temperature of B50 6 C, cooled, and ground to powders of particle diameter of below 53u. m. This 
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baking and grinding was repeated twice, and the materials obtained were used as positive electrode active materials. 

In this preferred embodiment two active materials, an active material p7 according to the invention wherein the 
mole ratio Li:B:Mg:Ni:Co was 1:0.1:0.1:0.4:0.4 (LiB 0 , Mg 0 .i Ni 0 4 CO 0 4 0 2 ) and an active material p8 according to the 
invention wherein the mole ratio Li:B:Mg:Ni:Co was 1:0.1 :0:0.45:0.45 (LiBo.1Nio.45Coo.45O2), were made. Also, for com- 

5 parison, a composite oxide LiMg 0 A Ni 0 4S Co 0 45 0 2 (comparison active material rB) not containing boron B but.containing 
magnesium Mg, a nickel and cobalt composite oxide LiNi 0 5 Co 0 5 0 2 (comparison active material r9) containing neither 
boron B nor magnesium Mg, and a layer-like nickel oxide LiNi0 2 (comparison active material p1 0) were prepared in the 
following way: LiOK-H 2 0, MgO t NiO and CoC0 3 , or LiOH-H 2 0. NiO and CoC0 3 , or LiOH*H 2 0 and NiO or the like were 
weighed out and mixed so that Li:Mg:Ni:Co, Li:Ni:Co or Li:Ni were in the mole ratios of the above-mentioned composition 

70 formulae, and comparison active materials r8 to rIO were obtained from these mixtures in the same way as -the 
above-mentioned active materials p7 and p8. 

Using these product materials as positive electrode active materials, batteries similar to those of the first preferred 
embodiment were made in exactly the same way as in the first preferred embodiment. The batteries thus produced will 
hereinafter be referred to as batteries P7 and P8 and R8 to R10 in correspondence with the positive electrode active 

is materials p7 and pB and r8 to rl 0 used therein. 

These batteries were also put through 1mA fixed-current charge/discharge cycles the same as those described in 
connection with the first preferred embodiment. Their discharge capacities (cycle characteristics) in successive cycles 
are shown in Fig. 6. As is clear from Fig. 6, the batteries P7 and PB according to the invention both had greater discharge 
capacity and superior charge/discharge characteristics compared with the comparison batteries RB to R10 in which 

20 positive electrode active materials containing no B were used. Also, it can be seen that the battery P7 containing both 
boron B and magnesium Mg had greater discharge capacity and showed superior charge/discharge characteristics 
compared with the battery P8 containing only boron B. 

Sixth Preferred Embodiment 

2$ ' - * 

This preferred embodiment is a case where cobalt Co was used as a transition metal element M, silicon Si as a 
compounding element R and an alkali earth metal (magnesium Mg) as a compounding element L constituting a positive 
electrode active material. 

A positive electrode of this preferred embodiment was made in the following way: Lithium hydroxide Li0H*H 2 O,. 

30 silicon dioxide SiQ 2 , magnesium oxide MgO and cobalt carbonate Coc0 3 were weighed out in the mole ratio Li:Si:Mg:Co 
= 1:0.05:0.1:0.85 and well mixed using a mortar this mixture was then baked by heating for 12 hours in air at a temper- 
ature of 850° C : cooled, and ground to a powder of particle diameter of below 53u. m. By repeating this baking and 
grinding twice, a positive electrode active material according to the invention having the approximate composition 
LiSi 0 05 Mg 0 1 Co 0 ; 85 O 2 (hereinafter abbreviated to p9) was synthesized. Also, for comparison, a conventional layer-like 

ss oxide UCo0 2 (comparison active material rll) containing no Si or Mg, a composite oxide having the approximate com- 
position LiSio 15 Co 0 85 0 2 (comparison active material r12) containing Si but not containing Mg, and a composite oxide 
having the approximate composition LiMg 0 #1 5 Coo 65 0 2 (comparison active material r1 3) containing Mg but not containing 
Si were prepared in the following way: LiOH*H 2 6 and C0CO3 or LiOH H 2 0 and C0CO3 and Si0 2 or MgO or the like 
were weighed out and mixed so that Li:Si:Mg:Co were in the mole ratios of the above-mentioned composition formulae, 

40 and comparison active materials rll to rl 3 were obtained from these mixtures in the same way as the above-mentioned 
active material p9. 

For each of these product materials, the product material as a positive electrode active material, graphite as a 
conductor and crosslinked acrylic acid resin or the like as a binding agent were mixed in the weight ratio 60:35:5 to 
produce a positive electrode mixture and a positive electrode 5 was made by pressure-molding this positive electrode 

45 mixture at 2 tons/cm 2 into a pellet of diameter 1 5mm, thickness 0.5mm. After that, the positive electrode 5 thus obtained 
was adhered to and thereby integrated with a positive electrode case 7 using a positive electrode collector 6 made of 
a conducting resin adhesive with carbon as a conducting filler and this was dried by reduced-pressure heating at 200° 
C for 10 hours to form the positive electrode structure of the battery described above. 

Using these product materials as positive electrode active materials, batteries similar to those of the first preferred 

50 embodiment were made in exactly the same way as in the first preferred embodiment. The batteries thus produced will 
hereinafter be referred to as batteries P9 and R11 to Rl3 in correspondence with the positive electrode active materials 
p9 and rl 1 to rl 3 used therein. 

These batteries were also put through 1mA fixed-current charge/discharge cycles the same as those described in 
connection with the first preferred embodiment. Their discharge capacities (cycle characteristics) in successive cycles 

55 are shown in Fig. 7. As is clear from Fig. 7, the battery P9 according to the invention had markedly greater discharge 
capacity than the comparison batteries Rll to R13. Also, the reduction in discharge capacity (cycle deterioration) ac- 
companying repeated charging and discharging was much smaller in the case of the battery P9 of the invention. Fur- 
thermore, from charge voltages and discharge voltages measured at the same time it was found that with, the battery 
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P9 of the invention although the charge voltage was low over the whole charge/discharge region the discharge operation • 
voltage was reversely markedly high, the polarization (internal resistance) of the battery was greatly improved and 
high-current charging/discharging was easy. 

5 Seventh Preferred Embodiment 

This preferred embodiment is a case where nickel Ni and cobalt Co were used together as transition metal elements 
M and silicon Si was used as a compounding element R constituting a positive electrode active material. 

A positive electrode active material of this preferred embodiment was made in the following way: Lithium hydroxide 
io UOH-hTo silicon dioxide Si0 2 , nickel oxide NO and cobalt carbonate CoC0 3 were weighed out in the mole rat© 
• LiSrNi Co = 1 0.1 :0.2:0.7 and well mixed using a mortar: this mixture was then baked by heating for 1 2 hours in air at 
a temperature of 850° C, cooled, and ground to a powder of particle diameter of below 53u m. By repeating this baking 
and orinding twice, a positive electrode active material according to the invention having the approximate composition 
USU , Ni n ,Co ft A (hereinafter abbreviated to.p1 0) was synthesized. Also, for comparison, a conventional composite 
75 oxide LiNU 2 Coro0 2 (comparison active material r14) not containing silicon was prepared in the following way. U- 
OH-H,0 NiO and CoC0 3 were weighed out and mixed so that Li:Ni:Co were in the mole ratios of the above-mentioned 
' composition formula, and a comparison active material r14 was obtained from this mixture in the same way as the 
above-mentioned active material pi 0. . 

Using these product materials as positive electrode active materials, batteries similar to those of the sixth preferred 
zo embodiment were made in exactly the same way as in the sixth preferred embodiment. The batteries thus produced w.H 
hereSner be referredtoas batteries R10 and RU in correspondence. with the posith/e electrode active materials plO 

^ TheseStterierwere also put through 1mA fixed-current charge/discharge cycles the same as those described in 
connection with the first preferred embodiment. Their discharge capacities (cycle characteristics) mj.uccess.ve cycles 
2S are shown in Fig. 8. As is clear from Fig. 8. the battery P10 according to the invention had greater discharge capacity 
and superior charge/discharge characteristics compared with the comparison battery R14 in which a positive electrode 
active material containing no Si was used. 
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Eighth Preferred Embodiment 

This preferred embodiment is a case where nickel Ni and cobatt Co were used together as transition metal elements 
M. Si is used as a compounding element R and Mg is used as a compounding element L constitutmg a positive electrode 

activ ThTS^ 

Li0H-H 2 O silicon dioxide Si0 2 . magnesium oxide MgO. nickel oxide NiO and cobalt carbonate CoCO^ m 
out in p edetermined mole ratios Li:Si:Mg:Ni:Co and mixed using a mortar: these matures were then baked by heating 
tor 12 hours in air at a temperature of 850' C. cooled, and ground to powders of particle ^diameter « below! 3^m. This 
baking and grinding was repeated twice, and the materials obtained were used as postive electrode active matena s 
In S = preferred embodiment, two active materials, an active materia, pi. according to the invention wherein the 
mole ratio Li Si:Mg:Ni:Co was 1:0.05:0.25:0.35:0.35 (approximate composition LiSio.ogMgo^Nio.ssCoo 3502) a n ° » 
Sve material p?2 according to the invention not containing Mg wherein the mole ratio L,:S,:Mg:Ni:Co was 
? 0 3 0 0 35:0.35 (approximate composition LiSi 0 3 Ni 0 3S Co 0 . 35 O 2 ) were made. Also, .or comparison, a composite ox.de 
having the approximate composition UM^U^Co^O, (comparison actrve materia. r15) not comu^g » as_ • 
compounding element but containing magnesium Mg, a nickel and cobalt composite ox.de UN. 0 . 6 Co 0 5 0 2 (<^P»™» 
acTe material r1 6) containing nefther Si nor Mg, and a layer-like nickel oxide UNO, companson act,ve ^enal P 17) 
we eprepared in the following way: L,OH-H 2 0, MgO, NiO and CoC0 3 , or LiOH - H 2 0. NO and CoC0 3 , jrLO^rt 
NiOorthelike were weighedoutandmbcedsothatLi:Mg:Ni:Co, Li:Ni:CoorLi:Niweremthe mole ratros ° ,tneab ^-™ n ; 

way as the above-mentioned active materials p11 and pi 2. (lkBei *„»( 0 rf*i 
• using these product materials as positive electrode active materials, batteries similar to those of *e 
embodiment were made in exactly the same way as in the sixth preferred embedment. The batteries thus produced w.H 
heTeSfter be referred to as batteries P11 and P1 2 and R1 5 to R17 in correspondence wrth the posits electrode acuve 
materials pll and pl2 and r15 to rl7 used therein. ^ m^^a 

These batteries were also put through 1mA fixed-current charge/discharge cycles the same as those Ascribed in 
connection with the first preferred embodiment Their discharge capacttes (cycle dnM ^TTJSm 
are shown in Fig. 9. As is clear from Fig. 9. the battery Pll according to the invention ^SSS 
containing both Si and Mg was used had greater discharge capacity and superior charge/d*charge charactenst.es 
compared with the comparison batteries R15 to R17 in which positive electrode active matenals containing no S. were 
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used and the battery P12 according' to the invention in which an active material containing only Si was used. Also, it • ■ 
can be seen that the.battery P1 2 in which an active material of Si content b = 0.3 reversely has less discharge capacity ' 
than the battery R16 containing no Si t and in active material compositions such as those in this preferred embodiment 
wherein both Ni and Co are used together as compounding elements M, a silicon content of 0 < b < 0.3 is preferable. 

5 - 

. Ninth Preferred Embodiment 

This preferred embodiment is a case where cobalt Co was used as a transition metal element M, silicon Si as a 
compounding element R and zinc Zn and manganese Mn as compounding elements L constituting a positive electrode 
io active material. 

The positive electrode active material of this preferred embodiment was made in the following way: Lithium hydroxide 
LiOH*H 2 0, silicon dioxide Si0 2 , a carbonate or oxide of L and cobalt carbonate CoC0 3 were weighed out in the mole 
ratio Li:Si:L:Co = 1 :0.1 :0.1 :0.B and well mixed using a mortar: this mixture was then baked by heating for 12 hours in 
air at a temperature of 850 e C, cooled, and ground to a powder of particle diameter of below 53p m. By repeating this 
is baking and grinding twice, a positive electrode active material LiSi 0:i Lo.iCoo.802 according to the invention was syn- 
thesized. 

In this thermal synthesis, as the supply material (starting material) of the compounding element L, in the cases 
where L was Zn and Mn t zinc carbonate ZnC0 3 and Manganese dioxide Mn0 2 were respectively used. The composite 
oxides LiSi 0J Zn 0 ^Oo 0 B O 2 (hereinafter abbreviated to pi 3) and LiSi 0>1 Mn 0 A Oo 06 O 2 (hereinafter abbreviated to pH) 

20 thus obtained were used as positive electrode active materials. 

Also, for comparison, a composite oxide having the approximate composition LiS^Co^ 6 0 2 (comparison active 
material rl8) containing Si but not containing a compounding element L was prepared in the following way: LiOH*H 2 0, 
SiO a and CoC0 3 were weighed out and mixed so that Li:Si:Co were in the mole ratio of the above-mentioned composition 
formula, and a comparison active material n 8 was obtained from this mixture in the same way as the above-mentioned 

25 active materials' pi 3 and pi 4. - 

Using these product materials as positive electrode active materials, batteries similar to those of the sixth preferred 
" embodiment were made in exactly the same way as in the first preferred embodiment The batteries thus produced will 
hereinafter be referred to as batteries P13 and P14 and R18 in correspondence with the positive electrode active ma- 
terials pl3 and p14 and r18 used therein. 

30 These batteries were also put through 1 mA fixed-current charge/discharge cycles the same as those described in 

connection with the first preferred embodiment. Their discharge capacities (cycle characteristics) in successive cycles 
are shown together with those of comparison battery R11 of the sixth preferred embodiment in Fig. 10. As is clear from 
Fig. 10, the batteries Pi 3 and Pi 4 according to the invention both had greater discharge capacity, smaller reduction in 
discharge capacity (cycle deterioration) accompanying repeated charging and discharging and therefore superior 

35 charge/discharge characteristics compared with the comparison battery Rl 8 in which a positive electrode active material 
containing only Si as a compounding element was used and the battery R11 in which a positive electrode active material 
containing neither an element L nor Si was used. 

Tenth Preferred Embodiment 

40 

This preferred embodiment is a case where nickel Ni was used as a transition metal element M ; boron B or silicon 
Si as a compounding element R and Ti, Mn Cu. Zn or Mg as a compounding element L constituting a positive electrode 
active material, and the positive electrode active material is synthesized in an oxygen atmosphere. 

The positive electrode active materials of this preferred embodiment were made in the following way: Lithium hy- 
4S droxide LiOH^O: an oxide of the element R, an oxide or a carbonate of the element L and nickel oxide NiO were 
* weighed out and mixed in the mole ratio Li:R:L:Ni = 1 :0.025:0.025:0.95, and this mixture was then baked by heating for 
• 6 hours in a flow of oxygen at a temperature of 700° C. After cooling, the baked mixture was ground to a powder of 
particle diameter of below 30ji m, and a positive electrode active material according to the invention having the approx- 
imate composition LiR 0 q^Lo 02S Ni 95 O 2 was thereby obtained. 
50 in this thermal synthesis, as the supply material (starting material) of the. compounding element R, B 2 O s was' used 

in the case where R was B and Si0 2 was used in the case where R was Si. As the supply material (starting material) 
of the compounding element L, in the cases where L was Ti, Mn, Cu, Zn and Mg, Ti0 2 , Mn0 2 . Cuo. ZnC0 3 and MgO 
were respectively used. Composite oxides having the approximate constitutions LiB 0 025 Ti 0 >0 25 Ni o .95°2 (hereinafter 
abbreviated to pi5). LiB 0>025 Mn 0>025 Ni 0i95 O 2 (pl6). LiB 0025 Cu 0 . 0 25 Ni o.95°2 (P 17 )< LiB o.02S 2n o.o25 Ni o.95°2 (P 1B )« 
55 LiBo o25M9o.o25 Ni o.95 0 2 (P 1 9 ) 2 nd LiSi o.025 M 9o.025 Ni o.95°2 (P 20 ) ^ us obtained were used as positive electrode active 
materials. 

Also, for comparison, a conventional oxide LiNi0 2 (comparison active material r19) containing neither B nor Si nor 
a compounding element L and a composite oxide having the approximate composition UB 0 ^N'^ 95 0 2 (comparison 
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active material r20) containing B but not containing a compounding element L were prepared in the following way: 
Li0H*H 2 O and NiO or LiOHH 2 0 and B 2 0 3 and NiO were weighed out and mixed so that Li:B:Ni were in the mole ratios 
of the above-mentioned composition formulae, and comparison active materials n9 and r20 were obtained from these 
mixtures in the same way as the above-mentioned active materials pl5 to p20. 

For each of these product materials, the product material as a positive electrode active material, graphite as a 
conductor and polyvinylidene fluoride or the like as a binding agent were mixed in the weight ratio 60:30:10 to produce 
a positive electrode mixture and a positive electrode was made by pressure-molding this positive electrode mixture at 
2 tons/cm 2 into a pellet of diameter Bmm, thickness 0.2mm. After that, the positive electrode thus obtained was adhered 
to and thereby integrated with a positive electrode case 7 using a positive electrode collector 6 made of a conducting 
resin adhesive with carbon as a conducting filler, and this was dried by reduced-pressure heating at 100° C for 10 hours 
to form a positive electrode. 

For the negative electrode, instead of aluminum, a lithium foil disc of diameter 14mm punched from a lithium foil of 
a prescribed thickness and directly adhered to the negative electrode collector 2 was used. 

Apart from the use of these positive electrodes and this negative electrode, batteries similar to those of the first 
preferred embodiment were made in exactly the same way as in the first preferred embodiment. The batteries thus 
produced will hereinafter be referred to as batteries P15 to P20 and R19 and R20 in correspondence with the positive 
electrode active materials p1 5 to p20 and r1 9 and r20 used therein. 

These batteries P15 to P20 and R19 and R20 were put through charge/discharge cycles with the conditions of a 
fixed current of 0.25mA, a charging final voltage of 4.5V and a discharging final voltage of 2.5V. The ratios of the discharge 
capacity in the 5th cycle to the maximum discharge capacity up to the 5th cycle (the capacity retention rate) of each 
battery are shown in Table 1 . The cycle characteristics of the batteries P15, P17, P1 9, R1 9 and R20 are shown in Fig. 
11. The charge/discharge cycles started from charging. It can be seen from Table 1 and Fig. 11 that the battenes P15 
to P20 according to the invention had greater capacity retention rates and superior cycle characteristics .compared to 
the battery R1 9 in which LiNi0 2 was used as the positive electrode active layer and the battery R20 in.which a positive 
electrode active containing only boron as a compounding element was used. In particular, in the cases of the composite 
oxides p1 5 and p1 9 containing Ti or Mg together with B, batteries with high discharge capacity and low cycle deterioration 
can be obtained. Also, in the case of the battery P17 in which a composite oxide containing Cu together with B was 
used, although the discharge capacity itself up to five cycles is smaller than that of the battery Rl 9 in which LiNi0 2 was 
used! the capacity reduction accompanying repeated charging was small and the cycle characteristics were excellent. 
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Table 1 


Battery 


Positive active material 


Maintained capacity (%) 


R19 


LiNi0 2 


82.6 


R20 


LiB 0 . 05 Ni 0 . 95 O 2 


93. 4 


P15 


LiB 0025 Ti 0 025 Ni 0 .95O 2 


99.0 


P16 


LiB 0025 Mn 0025 Ni 095 O 2 


95.5 


P18 


LiB 0 025 Zn 0 025 Ni 0 95 0 2 


99.3 


P19 


LiB 0 025 Mg 0025 Ni 0>95 O 2 


95.9 


P20 


LiSi 0.025 M 90.02S Ni 0.95°2 


95. 1 
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Eleventh Preferred Embodiment ■; 

This preferred embodiment is a case where mainly nickel Ni but also some Co was used as a transition metal 
element M and boron 6 as a compounding element R constituting a positive electrode active, material. 

The positive electrode active materials of this preferred embodiment were made in the following way: Lithium hy- 
droxide LiOHH 2 C\ BgOa, NiO and C03C4 were weighed in predetermined mole ratios Li:B:Ni:Co and mixed and these 
mixtures were then baked by heating for 6 hours in an oxygen atmosphere at a temperature of 700" C. After cooling, 
the baked mixtures were.ground to a powder of particle diameter of below 30m t> and used as positive electrode active 

materials. . 

In this preferred embodiment, two active materials, an active material p21 according to the invention wherein the 
mole ratio Li:B:Ni:Co was 1 :0.03:0.87:0.1 (LiB 0 03 Nio 67 Co 0 l0 O 2 ) and an active material p22 according to the invention 
wherein the mole ratio Li:B:Ni:Co was 1:0.03:0.77:6.20 (LiBo.03Nio.77Coo.20O2) were made. Also, for companson. a 
composite oxide LiB 0 03 Nio g 7 0 2 (comparison active material r2l ) containing B as a compounding element but not con- 
taining Co was made in the same way as P 2T except that the above-mentioned starting materials were mixed in the 
mole ratio of the above-mentioned composition formula. 

Apart from the use of these product materials as positive electrode active materials, batteries similar to those of the 
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tenth preferred embodiment were made in exactly the same way as in the tenth preferred embodiment. The batteries 
. thus produced will hereinafter be referred to as batteries P21 and P22 and R21 in correspondence with the positive 
electrode active materials p21 and p22 and r21 used therein. 

These batteries were also put through 0.25mA fixed-current charge/discharge cycles the same as those described 

5 in the tenth preferred embodiment. Their discharge capacities (cycle characteristics) in successive cycles are shown in 
Fig. 12. As is clear from Fig. 12, the battery P21 according to the invention containing mainly Ni but also 10% Co as 
transition metals M and further containing B had greater discharge capacity and less cycle deterioration and therefore 
superior charge/discharge characteristics compared with the comparison battery R21 in which a positive electrode active 
material containing only B and not containing Co was used and the comparison battery Rl 9 in which an active material 

?o containing neither Co nor B was used. Also, in the case of the battery P22 in which a positive electrode active material 
containing 20% Co together with B was used, although the dischargexapacity up to five cycles is smaller than that of 
the comparison batteries R19 and R21, the capacity reduction accompanying repeated charging was smaller and the 
cycle characteristics were superior. That is, in an active materia! Li a R b L c Ni e Cop 2 according to the invention containing 
mainly Ni but also some Co as transition metals M and also containing a compounding element R, the cycle deterioration 

is is particularly low and the discharge characteristics are particularly good when 0.01 % b% 0.1 1 0^'c^ 0.1 , 0.01 ^ b+c^ 
0.2 and 0.03^ f/(e+f)^ 0.25. 

In the preferred embodiments described above/only cases in which lithium-aluminum alloy or lithium was used as 
the negative electrode were described; however, the invention is not limited to such cases and can of course be similarly 
applied with any negative electrode made of a material capable of absorbing and releasing lithium, such as alloys of 

20 lithium and other metals such as Zn, Sn, Pb or Bi: carbon, silicon, lithium insertion compounds such as Li x Mo0 2 , L^WC^, 
Li x Fe 2 0 3 , UxTtOy, Li x SnO v , Li x SiO v : and conducting polymers such as polyacetylene, polypyrol and polyacen which 
can be doped with Li ions. 

Also, although only cases in which Co and Ni were used as transition metal elements M of the composite oxide 
Li a R b L c M d 0 2 were described, the invention can be similarly applied based on the above description using othertransition 

2S metals such as Cr~ Fe, Mn and V. 

As described in detail above, this invention is a non-aqueous electrolyte secondary battery in which is used as a 
positive electrode active material a new compound LiaR^M^ ( M bein 9 a transition metal) containing one or more 
metalloid elements R chosen from boron B and silicon Si and at least one metal or metalloid element L chosen from the 
group consisting of metals and metalloids of periodic table NIB group and I VB group, alkali earth metals and metals such 

so as Ti, Mn, Cu and Zn: the use of this new positive electrode active materia! may markedly increase the effective 
charge/discharge capacity, markedly improving the high-current charge/discharge characteristics of the battery and also 
markedly reduces the deterioration of discharge characteristics accompanying repeated charging and discharging. 
There are also various other benefits such as the merit- that even when mainly Ni is used as the transition metal M 
synthesis in air is easy and atmosphere and temperature control during manufacture are therefore easy and manufac- 

35 taring costs can be reduced. 



Claims 

jo 1.. A non-aqueous electrolyte secondary battery comprising a negative electrode (3) whose active material is lithium 
or a material capable of absorbing and releasing lithium, a non-aqueous electrolyte conductive to lithium ions and 
a positive electrode (5), 

characterised in that the positive electrode active material is a composite oxide expressed by the composition 
formula Li a R b L c M d 0 2 - where R is one or more metalloid elements chosen from boron B and silicon Si: L is at least 
4S one element chosen from among metals and metalloids of the periodic table NIB group and I VB group, alkali earth 

metals, and metals such as Ti, Mn, Cu and Zn; M is one or more transition metal elements; R, L and M are different: 
and a b, c and d are in the ranges 0<a^ 1.15, 0.85% b+c+d^ 1 .3, 0<b+c^ 0.5, 0<b and 0<c, or c=0 and at least 
both nickel Ni and cobalt Co are contained as transition metals M. 

so 2. A non-aqueous electrolyte secondary battery according to claim 1 , wherein the element L constituting the composite 
oxide of the positive electrode is one or more elements chosen from among Mg, C. Si, Ti, Mn, Cu and Zn. 

3. A non-aqueous electrolyte secondary battery according to claim 1 or 2, wherein the transition metal M constituting 
the composite oxide of the positive electrode comprises nickel Ni and/or cobalt Co as a main component. 

4. A non-aqueous electrolyte secondary battery according to claim 1 . 2 or 3, wherein the composite oxide used for 
the positive electrode has the composition LigF^LcNieCOPg, where a. b, c. e and f are in the ranges 0<a? T.I 5, 
0.85^ b+c+e+f^ 1 .3. 0<b, O^c, 0<b+c? 0.5, 0.01 < f/(e+f) % 0.95. 
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An^queouse^^ 
electrodehasth«compoto 

1 .3, 0.01 S 0.25, OS CS 0.25, 0.01 S b«S 0.5. 0.01 S 1/(e+0 S 0.5. 

Anon^ueous^^ 
electrodehasthecom^^ 

1.3. 0.Olsi b^ 0.1 , 0^ eg 0.1, 0.01 S b+cS 0.2, 0.03sS f/(e+f) S 0.25. 
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FIG. 3 
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FIG. 6 
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FIG. 8 
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FIG. 9 
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FIG. 10 
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FIG. 11 
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